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1
VERSATILE IMAGE SENSOR CIRCUIT

BACKGROUND INFORMATION
Field of the Disclosure

This disclosure relates generally to image sensor circuits,
in particular to image sensor circuits with various image
capturing modes.

Background

Image sensors may be used in various devices including
cameras, sensors, and consumer electronics. As image sen-
sors have become more advanced the circuits within the
image sensors have become more complex.

BRIEF DESCRIPTION OF THE DRAWINGS

Non-limiting and non-exhaustive embodiments of the
present invention are described with reference to the fol-
lowing figures, wherein like reference numerals refer to like
parts throughout the various views unless otherwise speci-
fied.

FIGS. 1A-C illustrate an example image sensor circuit in
accordance with the teachings of the present invention.

FIG. 2 illustrates an example of a device including an
image sensor circuit in accordance with the teachings of the
present invention.

FIG. 3 illustrates example connections of photodiode
circuits in accordance with the teachings of the present
invention.

Corresponding reference characters indicate correspond-
ing components throughout the several views of the draw-
ings. Skilled artisans will appreciate that elements in the
figures are illustrated for simplicity and clarity and have not
necessarily been drawn to scale. For example, the dimen-
sions of some of the elements in the figures may be exag-
gerated relative to other elements to help to improve under-
standing of various embodiments of the present invention.
Also, common but well-understood elements that are useful
or necessary in a commercially feasible embodiment are
often not depicted in order to facilitate a less obstructed view
of these various embodiments of the present invention.

DETAILED DESCRIPTION

Examples directed to image sensor circuits and devices
and methods for utilizing image sensor circuits are disclosed
herein. In the following description, numerous specific
details are set forth to provide a thorough understanding of
the examples. One skilled in the relevant art will recognize,
however, that the techniques described herein can be prac-
ticed without one or more of the specific details, or with
other methods, components, materials, etc. In other
instances, well-known structures, materials, or operations
are not shown or described in detail in order to avoid
obscuring certain aspects.

Reference throughout this specification to “one example”
or “one embodiment” means that a particular feature, struc-
ture, or characteristic described in connection with the
example is included in at least one example of the present
invention. Thus, the appearances of the phrases “in one
example” or “in one embodiment” in various places
throughout this specification are not necessarily all referring
to the same example. Furthermore, the particular features,
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structures, or characteristics may be combined in any suit-
able manner in one or more examples.

Throughout this specification, several terms of art are
used. These terms are to take on their ordinary meaning in
the art from which they come, unless specifically defined
herein or the context of their use would clearly suggest
otherwise. It should be noted that element names and
symbols may be used interchangeably through this docu-
ment (e.g., Si vs. silicon); however, both have identical
meaning.

Image sensors sometimes include circuitry that adds
together the inputs from the photodiodes in different com-
binations depending on a capture mode. This ability to
combine the inputs from the photodiodes in different com-
binations comes at the cost of greater complexity in the
circuit and a large number of control signal wires.

Example image sensor circuits disclosed herein have an
architecture which allows for greater versatility while
including fewer conductive lines than other image sensor
circuits. The architecture allows for groupings to add pho-
todiode outputs and also to add capacitances.

FIGS. 1A and 1B illustrate an example image sensor
circuit in accordance with the teachings of the present
invention. The image sensor circuit includes photodiodes
110-113, transfer transistors 120-123, amplifying transistors
141, 142, row select transistors 143, 144, binning transistors
133, 134, reset transistors 131, 132, reset lines 151, binning
control lines 153, select lines 155, transfer lines 157, and
bitlines 159. Each set of binning control lines 153 may be
grouped together with one set of select lines 155 and one set
of transfer lines 157. The transfer transistors 120-123 may
be organized into four sets of four having a “zig-zag” pattern
100.

The reset lines 151, binning control line 153, select lines
155, transfer lines 157, and bitlines 159 may all be conduc-
tive lines made of a conductor such as aluminum or another
metal.

Each of the transfer transistors 120-123 may be connected
as a switch between the respective one of the photodiodes
110-113 and a gate of a respective one of the amplifying
transistors 141, 142 via the sense node 125. The photodiodes
110-113 and transfer transistors 120-123 may be grouped
into groups of four. Each first transfer transistor 120 has its
gate connected to a respective gate of a second transfer
transistor 121 and one of the transfer lines 157. Similarly,
each of the third transfer transistors 122 has its gate con-
nected to a respective gate of a fourth transfer transistor 123
and one of the transfer lines 157. Thus, the transfer transis-
tors 120-123 may be switched on or off based on a transfer
control signal transmitted over the transfer lines 157. The
first and second transfer transistors 120 and 121 may be
connected to a different set of transfer lines 157 than the
third and fourth transfer transistors 122 and 123. The gates
of the second transfer transistors 121 may be coupled to
respective gates of the first transfer transistors 120 which are
proximate to the second transfer transistors 121 in a vertical
direction. Similarly, the gates of the fourth transfer transis-
tors 123 may be coupled to respective gates of the third
transfer transistors 122 which are proximate to the fourth
transfer transistors 123 in the opposite direction.

The transfer lines 157 may be organized into sets of four
lines. Each of the transfer transistors 120-123 in the set of
transfer transistors 120-123 has its gate connected to a
different one of four transfer lines 157 in a set of transfer
lines 157. Accordingly, the transfer transistors may operate
as switches based on a transfer control signal transmitted
over the transfer lines 157. Each set of transfer lines 157 may
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receive a portion of the transfer control signal. Further, each
transfer line may receive a smaller portion of the transfer
control signal. Accordingly, each transfer transistor 120-123
may be controlled by a portion of the transfer control signal.

Each photodiode 110-113 may represent a different color
collection. For example, first photodiode 110 may be a red
photodiode, second photodiode 111 may be green, third
photodiode 112 may be green as well, and fourth photodiode
113 may be blue. Each transfer transistor 120-123 may
collect output charges from a different color of photodiode
at a sense node 125. For example, the first transfer transistor
120 may be for collecting output charges from red photo-
diodes, the second transfer transistor 121 may be for col-
lecting from green photodiodes, the third transfer transistor
122 may be for collecting from green photodiodes as well,
and the fourth transfer transistor 123 may be for collecting
from blue photodiodes. Each transfer transistor 120-123
collects charges from the respective photodiode 110-113
connected to the source of the transfer transistors. The
charges collected from the photodiodes 110-113 may be
collected at a sense node 125 between the drain of the
transfer transistors 120-123 and the gate of the amplifying
transistors 141, 142.

In a standard Bayer filter, a red, a blue, and two green
color filters are grouped together in a square. In the depicted
example, a pattern of a red and a blue and two green
photodiodes sets are grouped together, however they are
arranged in a zig-zag pattern 100 where the red first diodes
110, the green second photodiodes 111, and the first and
second transfer transistors 120, 121 are not connected to the
same set of transfer lines 157 as the green third photodiodes
112, the blue fourth photodiodes 113 and the third and fourth
transfer transistors 122, 123. This makes it so the transfer
transistors 120-123 are not arranged in a square but in the
zig-zag pattern 100, as illustrated for example in FIG. 1 in
accordance with the teachings of the present invention. This
zig-zag arrangement allows for greater versatility while
reducing the number of transfer lines 157 needed. The sets
of transfer transistors 120-123 along with the respective
photodiodes 110-113 may also be referred to as photodiode
circuits.

The sets of transfer transistors 120-123 may be arranged
in a grid, such that in a vertical direction and in a horizontal
direction (with relation to the illustration of FIG. 1A, the
circuit may be oriented in any direction) the sets of transfer
transistors 120-123 alternate between two different sets of
transfer transistors 120-123.

As illustrated, in a first column, the sets of transfer
transistors 120-123 may alternate between a set of first
transfer transistors 120 and a set of second transfer transis-
tors 121. In a second column, the sets of transfer transistors
120-123 may alternate between a set of third transfer tran-
sistors 122 and a set of fourth transfer transistors 123.
Similarly, in a first row, the sets of transfer transistors
120-123 may alternate between a set of first transfer tran-
sistors 120 and a set of third transfer transistors 122. In a
second row, the sets of transfer transistors 120-123 may
alternate between a set of second transfer transistors 121 and
a set of fourth transfer transistors 123. The image sensor
circuit may alternate between first rows and second rows in
the vertical direction and between first columns and second
columns in the horizontal direction. Although three rows and
eight columns are depicted in FIG. 1A, the image sensor
circuit may be any size.

As stated above each of the amplitying transistors 141 and
142 may be connected to a sense node 125 of a set of transfer
transistors 120-123. First amplifying transistor 141 may be
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connected to a sense node 125 set of first transfer transistors
120 or a sense node 125 of a set of fourth transfer transistors
123. Second amplifying transistor 142 may be connected to
a sense node 125 of a set of second transfer transistors 121
or a sense node 125 of a set of third transfer transistors 122.
The amplifying transistors 141, 142 may be connected to a
pair of sense nodes 125 of sets of transfer transistors
120-123 in the same column. A drain of the amplifying
transistors 141, 142 may be connected to a voltage rail (not
shown) or other voltage source. The source of the amplify-
ing transistors 141, 142 may be connected to the drain of the
row select transistors 143, 144, respectively. The source of
the row select transistors 143, 144 may be connected to
respective bitlines 159. The row select transistors 143, 144
may be organized into pairs with the gate of a first row select
transistor 143 connected to the gate of a second row select
transistor 144 and to one of the select lines. Each of row
select transistors 143, 144 in the pair of row select transistors
143, 144 may be connected to a different bitline. Thus, a row
select signal transmitted over the select lines 155 may
control which row select transistors 143, 144 output to the
bitlines 159. Each set of amplifying transistors 141 and 142
and row select transistors 143 and 144 may be referred to as
an output circuit.

Each pair of row select transistors 143, 144 has the gates
of the first and second row select transistors 143 and 144
connected to one of the select lines 155. The pairs of row
select transistors 143, 144 may be connected to different
select lines 155. The select lines 155 may be organized into
sets of four lines. Each set of select lines 155 may receive
a portion of a row select signal. Each row select transistors
may receive a smaller portion of the row select signal.
Accordingly, each row select transistor 143, 144 may be
controlled by a portion of the row select signal.

The output circuits may be organized into rows between
the rows of sets of transfer transistors 120-123. Each output
circuit in a row of output circuits may be connected to one
of the select lines 155 in a set of select lines 155. For
example, as illustrated in FIG. 1A, a first pair of row select
transistors 143, 144 may be connected to a first select line
155, a second pair of row select transistors 143, 144 may be
connected to a second select line 155 in the same set of select
lines 155 as the first select line 155, a third pair of row select
transistors 143, 144 may be connected to a third select line
155 in the same set of select lines 155 as the first select line
155, and a fourth pair of row select transistors 143, 144 may
be connected to a fourth select line 155 in the same set of
select lines 155 as the first select line 155. This pattern may
repeat and continue in the horizontal direction. Other sizes
of sets of select lines 155 and patterns of connection are
possible as well.

Restated, the output circuits, including the amplifying
transistors 141, 142 and the row select transistors 143, 144,
are each coupled to two sets of transfer transistors 120-123
and two bitlines. The output circuits are coupled to receive
the collected charges from the sensing nodes 125 of the two
sets of transfer transistors 120-123. And the output circuits
are coupled to output an output signal to one or both of the
two bitlines in response to a row select signal. The output
signal is based on to the row select signal, the collected
charges at the sensing node 125 and the connected groups of
sets of transfer transistors 120-123.

Sets of transfer transistors 120-123 may be connected in
the horizontal direction by the binning transistors 133 and
134. Binning transistors 133 and 134 act as switches
between the sets of transfer transistors 120-123 in each
column and the sense nodes 125 connected to the sets of
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transfer transistors 120-123. Accordingly, the binning tran-
sistors 133, 134 may also function as a binning connecting
circuit connecting the sense nodes 125 of two sets of transfer
transistors 120-123 that are proximate to each other in the
horizontal direction. The binning transistors 133, 134 may
be arranged in pairs with a first binning transistor 133 and a
second binning transistor 134 in the pair. The gate of each
binning transistor 133, 134 in the pair of binning transistors
133, 134 connected to a same one of the binning control
lines 153. Thus, the connection of the sets of transfer
transistors 120-123 may be controlled by a binning control
signal transmitted over the binning control lines 153. A
group of reset transistors (or reset switches) 131 and 132 and
binning transistors 133 and 134 may be referred to as a
binning circuit.

The binning control lines 153 may be organized into
groups of four. The binning circuits may be organized into
rows corresponding to the rows of sets of transfer transistors
120-123. Each set of binning transistors 133, 134 in a given
row may be connected to one of the four binning control
lines 153 in a set of binning control lines 153. As will be
described in further detail below, the sets of binning tran-
sistors 133, 134 may be connected to the binning control
lines 153 based on how the binning of the sets of transfer
transistors 120-123 is performed. Each set of binning control
lines 153 may receive a portion of the binning control signal.
Further, each binning control line may receive a smaller
portion of the binning control signal. Accordingly, each
binning transistor 133, 134 may be controlled by a portion
of the binning control signal.

Each reset transistors 131, 132 may have its source
connected between the first and second binning transistors
133 and 134. The gates of the reset transistors 131, 132 may
be connected to a reset line and receive a reset signal through
the reset line. A drain of the reset transistors 131, 132 may
be connected to a reset voltage or charges at the sense node
125. When the reset transistors 131, 132 and binning tran-
sistors 133 and 134 are on, the reset voltage is transferred
sense node 125. The charges from the photodiodes 110-113
will lower a voltage at the sense node 125 and consequently
a gate of the amplifying transistor 141, 142 when collected.
Accordingly, the reset voltage is a voltage higher than the
ground voltage.

FIG. 1B illustrates a section of FIG. 1A as an example of
the zig-zag pattern 100 with the reset lines 151, binning
control lines 153, select lines 155, transfer lines 157, and
bitlines 159 not shown. Gates of the first set of transfer
transistors 120 are connected to gates of the second set of
transfer transistors 121 which are proximate to the first set
of transfer transistors 120 in the vertical direction. The
fourth set of transfer transistors 123 is proximate to the
second set of transfer transistors 121 in the horizontal
direction. The third set of transfer transistors is connected to
the first set of transfer transistors via binning transistors 133
and 134 when the binning transistors are on. Gates of the
third set of transfer transistors are connected to gates of the
fourth set of transfer transistors in the direction opposite the
vertical direction. The first set of transfer transistors 120 and
the second set of transfer transistors 121 transmit charges to
the same output circuit (including amplifying transistors
141, 142 and row select transistors 143 and 144). The third
set of transfer transistors 122 and the fourth set of transfer
transistors 123 transmit charges to a different output circuit
(including amplifying transistors 141, 142 and row select
transistors 143 and 144).

Restated, the second and fourth sets of transfer transistors
121, 123 are in the same row. The first set of transfer
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transistors 120 is in the row above the second and fourth sets
of transfer transistors 121, 123. The third set of transfer
transistors 122 is in the row below the second and fourth sets
of transfer transistors 121, 123. The first and second sets of
transfer transistors 120, 121 are vertically aligned in the first
column. The third and fourth sets of transfer transistors 122
and 123 are vertically aligned in the second column proxi-
mate to the first column in the horizontal direction.

FIG. 1C illustrates the connection of the output circuits
145 to the bitlines 159. For simplicity in explaining the
connection of the output circuits 145, the reset lines 151, the
BCL lines 153, the binning circuits (including binning
transistors 133, 134 and reset transistors 131, 132), the select
lines 155, and the transfer lines 157 are not shown. FIG. 1C
illustrates as blocks: output circuits 145, first photodiode
circuits 126, second photodiode circuits 127, third photo-
diode circuits 128, and fourth photodiode circuits 129. The
output circuits 145 include the amplifying transistors 141,
142 and the output transistors 143, 144. The first-fourth
photodiode circuits 126-129 include the first-fourth photo-
diodes 110-113 and the first-fourth transfer transistors 120-
123, respectively.

The bitlines 159 may be in pairs, each pair being for one
column of the photodiode circuits 126-129 and output
circuits 145. The output circuits 145 in the first column
output the output signal based on the charges collected at the
sensing nodes 125 of the first photodiode circuits 126 and
the second photodiode circuit 127 to the bitlines 159 of the
first column. The output signal based on the charges col-
lected at the sensing nodes 125 of the first photodiode
circuits 126 in the first column are output to a first bitline 159
for the first column, and the output signal based on the
charges collected at the sensing nodes 125 of the second
photodiode circuits 127 in the first column are output to a
second bitline 159 for the first column. Similarly, the output
circuits 145 in the second column output the output signal
based on the charges collected at the sensing nodes 125 of
the third photodiode circuits 128 and the fourth photodiode
circuit 129 to the bitlines 159 of the second column. The
output signal based on the charges collected at the sensing
nodes 125 of the third photodiode circuits 128 in the second
column are output to a first bitline 159 for the second
column, and the output signal based on the charges collected
at the sensing nodes 125 of the fourth photodiode circuits
129 in the second column are output to a second bitline 159
for the second column.

As will be explained in greater detail below, multiple
output signals from multiple output circuits 145 may be
output to a single bitline 159 at the same time. The effect of
outputting multiple output signals to a single bitline at one
time is the summing of the output signals. Accordingly,
multiple output signals may be summed on bitlines 159.
Further, as described with relation to the binning circuits.
Several sensing nodes 125 may be connected and the
collected charges of the connected several sensing nodes
125 may be binned. Accordingly, it is possible to sum
outputs signals based on binned collected charges on a
bitline 159. Thus, binning schemes such as 2x2 binning and
33 binning may be accomplished.

FIG. 2 illustrates an example of a device 200 including an
image sensor circuit 220 in accordance with the teachings of
the present invention. The device 200 may include an input
controller (controller) 210, an image sensor circuit 220, an
output processing circuit 230, and a memory 240.

The input controller 210 may be coupled to control inputs
to the image sensor circuit 220. The inputs may include reset
signals transferred over the reset lines 151, binning control
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signals transferred over the binning control lines 153, row
select signals transferred over the select lines 155, and
transfer control signals transferred over the transfer lines
157.

The image sensor circuit 220 may receive the control
inputs from the input controller 210 and also light 250. The
image sensor may output an image output to the output
processing circuit 230 over the bitlines in response to the
control inputs and the light 250.

The output processing circuit 230 may receive and pro-
cesses the image output. The output processing circuit 230
may also communicate with the input controller 210 to
adjust the control inputs. The output processing circuit 230
may process the image output into an image or video file and
store the image or video file in the memory 240. The
memory 240 may also include computer readable instruc-
tions for operating the device 200. Output processing circuit
230 may retrieve the computer readable instructions for
operating the device 200 from the memory and control the
device 200 in response to the computer readable instruc-
tions.

The input controller 210 may control the image sensor
circuit 220 in a variety of different ways. A first way in
which the input controller 210 may control the image sensor
circuit 220 is by controlling the number of pixels whose
output charges are collected. This may be done by transmit-
ting a transfer control signal over a set of transfer lines 157
where some of the transfer lines 157 do not have a voltage
sufficiently high to turn on the transfer transistors 120-123
connected to the transfer line. Any voltage sufficient to turn
on the transfer transistors 120-123 connected to the transfer
line may be referred to as an “on voltage,” any voltage that
is insufficient to turn on the transfer transistors 120-123 may
be referred to as an “off voltage.” This convention may also
refer to voltages sufficient to turn on other transistors. In one
example, the transfer control signal may only include an on
voltage for one of the transfer lines 157 such that the output
charges of only one of the photodiodes 110-113 is collected
at the sense node 125. Any combination of on and off
voltages may be transmitted by the input controller 210 to
the transfer lines 157.

A second way in which the input controller 210 may
control the image sensor circuit 220 is by controlling the
binning of the sets of transfer transistors 120-123. For
example, the sets of transfer transistors may be grouped into
groups of 1, 2, 4, or 6 sets of transfer transistors by
transmitting the binning control signal over the binning
control lines 153. This will be explained in greater detail
below.

A third way in which the input controller 210 may control
the image sensor circuit 220 is by controlling the row select
signal transmitted via the select lines 155. This will control
which bitlines receive an output signal (or output voltage),
and from which row select transistors 143, 144 transmit
output signals to the bitlines. Since multiple output circuits
may output to the same bitlines, the row select signal may
quickly cycle through multiple groups of select lines 155 in
order to capture an image or video.

The input controller 210 also controls the reset signal
transmitted via the reset lines 151. When the reset signal and
the binning control signal associated with the line to which
the binning circuit is connected are on voltages at the same
time, the voltage of the gate of the amplifying transistor 141,
142 connected to the binning circuit is reset. Accordingly, a
fourth way in which the input controller 210 may control the
image sensor circuit 220 is by controlling the reset signal
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8

and the binning control signal together to reset the voltages
at the amplifier gates 141, 142.

These various ways in which the input controller 210 can
control the image sensor circuit 220 may be combined to
sense an image based on the light 250 in various modes as
will be explained in further detail below.

As one example, the input controller 210 may control the
image sensor circuit 220 to output what is sensed by one
photodiode 110-113 for each set of transfer transistors
120-123. This may be accomplished by: (1) transmitting a
transfer control signal which only includes one on voltage
for each set of transfer lines 157; (2) transmitting an row
select signal where each group of select lines 155 is provided
an on voltage in sets of two groups of select lines 155
sequentially; and (3) transmitting only off voltages in the
binning control signal. This process could then be performed
for each of the other photodiodes 110-113 for each set of
transfer transistors 120-123 by resetting the voltage of the
gate of the amplifying transistors 141, 142 and then repeat-
ing the controlling of the transfer control signal, the row
select signal and the binning control signal, except with a
different one of set of the transfer lines 157 receiving the on
voltage each time the controlling process is repeated. Thus,
the sets of transfer transistors 120-123 may be coupled to
selectively sum output charges from photodiodes 110-113 in
response to a transfer control signal. This process provides
a large amount of detail but takes more time than other
processes.

As a second example, the input controller 210 may control
the image sensor circuit 220 to output the binned output of
groups of six sets of transfer transistors 120-123. Since
every other one of the sets of transfer transistors 120-123 in
a row are the same color and the others are a different color,
the output charges of all six of the sets of transfer transistors
120-123 should not be summed together. This is accom-
plished by only transmitting transfer control signals with on
voltages through the transfer lines 157 connected to one of
the colors of the sets of transfer transistors 120-123 at any
time. The sets of transfer transistors 120-123 which does not
receive a transfer control signal with on voltages will
provide capacitance for the collection of the charges for the
sets of transfer transistors 120-123 that receive the transfer
control signal with the on voltages. For example, in the row
of sets of transfer transistors 120-123 including sets of first
and third transfer transistors 120 and 122, at any given time
the sets of transfer lines 157 connected to the sets of first
transfer transistors 120 and the set of transfer lines 157
connected to the third transfer transistors 122 are not both
provided with a transfer control signal including an on
voltage.

The binning of the groups of six sets of transfer transistors
may be accomplished by: (1) transmitting a transfer control
signal which including on voltages for a first set of transfer
lines 157; (2) transmitting an row select signal to the group
of select lines 155 grouped with the first set of transfer lines
157, where the row select signal includes on voltages for
each of the select lines 155 in the set; (3) transmitting a
binning control signal to the binning control lines 153
grouped with the first set of transfer lines 157, where the
binning control signals include on voltages for three of the
binning control lines 153, and (4) repeating (1)-(3) for each
of the other groups of transfer lines 157. Thus, the binning
circuits including binning transistors 133 and 134 may be
coupled to electrically connect sets of transfer transistors
120-123 into groups of sets of transfer transistors 120-123 in
response to a binning control signal.
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This process will output the output voltages on the bitlines
for each set of transfer transistors 120-123 connected to the
first set of transfer lines 157. For example, sets of first and
second transfer transistors 120 and 121 or sets of third and
fourth transfer transistors 122 and 123.

A source follower binning process (where the outputs are
binned at the bitlines, associated with voltages from the
source follower row select transistors) may also be per-
formed by the input controller 210 by providing transfer
control signals and row select signals with on voltages to
multiple groups of transfer lines 157 and select lines 155.
For example, a 3x3 binning process may also be performed
by performing the binning of the groups of six sets of
transfer transistors, as described above, to three sets of
transfer lines 157 and select lines 155 at a time (the sets of
transfer lines 157 and select lines 155 being every other set
in a vertical direction so that the output charges are only for
three of the first rows or three of the second rows). Any
number of other binning schemes such as 2x1, 2x2, 3x1 may
also be performed by the input controller 210.

The time required to perform a 3x3 binned output may be
significantly faster than an output from a 1x1 output (about
36 times faster), however, the amount of detail in the end
image or video will be less (about Y6th).

FIG. 3 illustrates example connections of photodiode
circuits in accordance with the teachings of the present
invention. First and second photodiode circuits 301 and 303
may be connected by binning switches 302, both from first
photodiode circuit 301 to second photodiode circuit 303 and
from second photodiode circuit 303 to first photodiode
circuit 301. The first and second photodiode circuits 301 and
303 may represent the sets of transfer transistors 120-123
and the respective connected photodiodes 110-113 in a first
or second row of the image sensor circuit 220. For example,
the first photodiode circuit 301 may be a set of first transfer
transistors 120, and the second photodiode circuit 303 may
be a set of third transfer transistors 122. Alternatively, the
first photodiode circuit 301 may be a set of second transfer
transistors 121, and the second photodiode circuit 303 may
be a set of fourth transfer transistors 123. The binning
switches 302 may be binning circuits, each including a pair
of reset transistors 131 and 132 and binning transistors 133
and 134.

FIG. 3 illustrates a pattern of how to connect the binning
control lines 153 using the binning switches 302 which is
partially illustrated in FIG. 1A (FIG. 1A shows the first eight
binning circuits in the twelve binning circuit pattern
described below). The pattern repeats after every 12 photo-
diode circuits 301, 303. Every other binning switch 302
starting at the first binning switch 302 may be connected to
a first binning control line BCL1. A second and tenth binning
switch 302 may be connected to a second binning control
line BCL2. A fourth and eighth binning switch 302 may be
connected to a third binning control line BCL3. A sixth
binning switch 302 may be connected to a fourth binning
control line BCL4. The twelfth binning switch 302 may be
always off during output readout and may not be connected
to one of the binning control lines 153. The twelfth binning
switch 302 may be omitted (may correspond to a gap in the
connection between two photodiode circuits and not a
binning circuit). Alternatively, the twelfth binning switch
302 may be connected to a reset line such that it is only used
to reset the voltage at the gate of the amplifying transistors
141 and 142. The pattern of connections may repeat for any
number of photodiode circuits.

FIG. 3 demonstrates an on voltage being transmitted
through one of the binning control lines 153 by showing a
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closed binning switch 302 in the graphic representation of
the binning or a number “1” in the table. Likewise, an off
voltage is demonstrated with an open binning switch 302 in
the graphic representation of the binning or a number “0” in
the table. The table includes indications of which binning
control line each binning switch 302 is connected to in this
example embodiment. Other configurations of the binning
switches 302 are also possible.

The binning switches may be controlled in four different
modes of floating diffusion binning: A high conventional
gain (HCG) mode, a low conventional gain (LCG) mode, a
bin2 mode, and a bin3 mode. In each of these modes the row
select signal, transfer control signal, binning control signal,
and reset control signal may be sent at a different rate with
respect to how frequently these signals will take effect in
controlling the image sensor circuit. The rate at which the
input signals change depends on the mode and the source
follower binning at the bitlines. For example, the input
controller 210 may change the row select signal at a first rate
when the binning control signal is a first signal for the HCG
mode, a second rate when the binning control signal is a
second signal for the LCG mode, a third rate when the
binning control signal is a third signal for the Bin2 mode,
and a fourth rate when the binning control signal is a fourth
signal for the Bin3 mode.

In the HCG mode, all of the binning control lines 153
receive an off voltage and the photodiode circuits 301, 303
are not binned through the binning switches 302. The HCG
mode provides the highest resolution to the output process-
ing circuit 230 and is the slowest. As described above, the
HCG mode may be paired with selection of photodiode
outputs via the transfer control signal to provide an even
more detailed image or video. This mode may be used for
still photography where a large amount of information is
collected and there isn’t much movement in the image which
might be blurred because of the time needed to take the
detailed image.

In the LCG mode, the first binning control line (BCL)
BCL1 receives an on voltage while the other binning control
lines 153 receive off voltages. Thus, the LCG mode groups
the photodiode circuits 301, 303 into groups of two photo-
diode circuits 301, 303. As described above, because the
group of two photodiode circuits 301, 303 will include two
photodiode circuits 301, 303 of different colors, only one of
the photodiode circuits will receive a transfer control signal
to output binned photodiode charges. The other photodiode
circuits 301, 303 will provide capacitance for the collection
of the photodiode charges.

In the Bin2 mode, the first, second, and fourth binning
control lines 153 BCL1, BCL2, BCL4 receive an on voltage
and the third binning control line BCL3 received an off
voltage. Thus, the Bin2 mode groups the photodiode circuits
301, 303 into groups of four photodiode circuits 301, 303.
As described above, because the group of four photodiode
circuits 301, 303 will include photodiode circuits 301, 303
of different colors (two photodiode circuits 301, 303 of each
color), only one color of the photodiode circuits will receive
a transfer control signal to output binned photodiode
charges. The other photodiode circuits 301, 303 will provide
capacitance for the collection of the of the photodiode output
charges. The Bin2 mode is faster than the HCG or LCG
modes, especially if paired with source follower binning at
the bitline such as in a 2x2 binning scheme. Accordingly, the
Bin2 mode may be used for a higher frame rate video with
lower image quality.

In the Bin3 mode, the first, second and third binning
control lines 153 BCL1, BCL2, BCL3 receive an on voltage
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and the fourth binning control line BCL4 received an off
voltage. Thus, the Bin3 mode groups the photodiode circuits
301, 303 into groups of six photodiode circuits 301, 303. As
described above, because the group of six photodiode cir-
cuits 301, 303 will include photodiode circuits 301, 303 of
two different colors (three photodiode circuits 301, 303 of
each color), only one color of the photodiode circuits will
receive a transfer control signal to output binned photodiode
charges. The other photodiode circuits 301, 303 will provide
capacitance for the collection of the of the photodiode output
charges. The Bin3 mode is faster than the HCG, LCG, or
Bin2 modes, especially if paired with source follower bin-
ning, done at the bitline level, such as in a 3x3 binning
scheme. Accordingly, the Bin3 mode may be used for a fast
video mode with higher frame rates but lower image quality.
Bin3 mode may also be useful for low light photography.

In the above described modes, the binning circuits includ-
ing binning transistors 133 and 134 may be coupled to
electrically connect sets of transfer transistors 120-123 into
groups of sets of transfer transistors 120-123; the groups
including any of one, two, four, or six sets of transfer
transistors 120-123.

As can be appreciated by the above description of the
circuitry and operating modes for the controlling the cir-
cuitry, the disclosure provides for an image sensor circuit
220 with a high degree of versatility and with a low amount
of space needed for control lines for transmission of control
signals for the circuitry.

The above description of illustrated examples of the
present invention, including what is described in the
Abstract, are not intended to be exhaustive or to be limita-
tion to the precise forms disclosed. While specific embodi-
ments of, and examples for, the invention are described
herein for illustrative purposes, various equivalent modifi-
cations are possible without departing from the broader
spirit and scope of the present invention. Indeed, it is
appreciated that the specific example voltages, currents,
frequencies, power range values, times, etc., are provided for
explanation purposes and that other values may also be
employed in other embodiments and examples in accor-
dance with the teachings of the present invention.

These modifications can be made to examples of the
invention in light of the above detailed description. The
terms used in the following claims should not be construed
to limit the invention to the specific embodiments disclosed
in the specification and the claims. Rather, the scope is to be
determined entirely by the following claims, which are to be
construed in accordance with established doctrines of claim
interpretation. The present specification and figures are
accordingly to be regarded as illustrative rather than restric-
tive.

What is claimed is:

1. A photodiode array circuit comprising:

a plurality of photodiode circuits arranged in a grid,
wherein each of the photodiode circuits is coupled to
receive one of a plurality of transfer control signals and
output an output charge to a sense node of the photo-
diode circuit in response to the transfer control signal,
wherein each of the plurality of photodiode circuits is
coupled to receive a different one of the plurality of
transfer control signals as a proximate photodiode
circuit, proximate in a first direction, wherein a first of
the plurality of photodiode circuits and a second of the
plurality of photodiode circuits that is proximate to the
first of the plurality of photodiode circuits in a second
direction, perpendicular to the first direction, are
coupled to receive a first portion of the plurality of
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transfer control signals, wherein a third of the plurality
of photodiode circuits is proximate to the first of the
plurality of photodiode circuits in the first direction,
wherein the third and a fourth photodiode circuit,
proximate to the third photodiode circuit in a direction
opposite the second direction, are coupled to receive a
second portion of the plurality of transfer control
signals;

binning circuitry coupled to selectively electrically con-
nect the sense nodes of the plurality of photodiode
circuits into groups of photodiode circuit sense nodes in
response to a binning control signal; and

a plurality of output circuits, wherein each of the plurality
of output circuits is coupled to one of the groups of
photodiode circuit sense nodes, wherein each of the
plurality of output circuits are coupled to receive the
output charge from the photodiode circuits in the one of
the groups of photodiode circuit sense nodes and output
an output signal to a bitline in response to the output
charge and an row select signal.

2. The photodiode array circuit of claim 1, wherein the
first portion of the plurality of transfer control signals is
transmitted on at least one first transfer line and the second
portion of the plurality of transfer control signals is trans-
mitted on at least one second transfer line, wherein the first
of the plurality of photodiode circuits is electrically con-
nected to the at least one first transfer line and the third of
the plurality of photodiode circuits is electrically connected
to the at least one second transfer line.

3. The photodiode array circuit of claim 1, wherein every
other one of the plurality of photodiode circuits in the second
direction collects a charge from a first color of photodiode,
and every other one of the plurality of photodiode circuits in
the first direction collects a charge from a second color of
photodiode.

4. The photodiode array circuit of claim 1, wherein each
of the plurality of photodiode circuits includes four photo-
diodes.

5. The photodiode array circuit of claim 1, wherein a
different portion of the row select signal is transmitted on
each of a plurality of select lines.

6. The photodiode array circuit of claim 1, wherein a
different portion of the binning control signal is transmitted
on each of four binning control lines.

7. The photodiode array circuit of claim 6, wherein the
number of photodiode circuit sense nodes included in the
group of photodiode circuit sense nodes is any of one, two,
four, or six photodiode circuits in response to the binning
control signal, wherein the binning circuitry includes a
plurality of binning connecting circuits, wherein each of the
plurality of binning connecting circuits connects two of the
plurality of photodiode circuits that are proximate to each
other in the first direction, wherein each of the binning
connecting circuits is coupled to only one of the four binning
control lines.

8. A photodiode array circuit comprising:

a plurality of photodiode circuits, each of the plurality of
photodiode circuits coupled to selectively collect out-
put charges from a plurality of photodiodes to a sense
node in the photodiode circuit in response to a transfer
control signal;

binning circuitry coupled to electrically connect the plu-
rality of photodiode circuit sense nodes into groups of
photodiode circuit sense nodes in response to a binning
control signal;

a plurality of output circuits each coupled to two of the
plurality of photodiode circuits and two bitlines,
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wherein the plurality of output circuits are coupled to
receive the output charges from the two of the plurality
of photodiode circuits, wherein the plurality of output
circuits are coupled to output an output signal to one of
the two bitlines in response to an row select signal, the
output charges, and the groups of photodiode circuit
sense nodes; and

a control circuit coupled to provide the transfer control
signal, the row select signal and the binning control
signal.

9. The photodiode array circuit of claim 8, wherein the

plurality of photodiode circuits are arranged in a grid,
wherein the two of the plurality of photodiode circuits
coupled to each of the plurality of output circuits are
proximate to each other in a first direction, and
wherein the binning circuitry electrically connects the
photodiode circuits sense nodes into groups in a second
direction perpendicular to the first direction.

10. The photodiode array circuit of claim 9, wherein a first
of the plurality of photodiode circuits is coupled to a same
one of the plurality of output circuits as a second of the
plurality of photodiode circuits that is proximate to the first
of the plurality of photodiode circuits in the first direction,
and wherein a third of the plurality of photodiode circuits
that is proximate to the first of the plurality of photodiode
circuits in the second direction is coupled to a same one of
the plurality of output circuits as a fourth of the plurality of
photodiode circuits that is proximate to the third of the
plurality of photodiode circuits in a direction opposite the
first direction.

11. The photodiode array circuit of claim 8, wherein the
binning circuitry includes a reset switch coupled to reset the
output charges at the sense node in response to a reset signal.

12. The photodiode array circuit of claim 8, wherein the
control circuit is configured to change the row select signal
at each of a first rate when the row select signal is a first
signal, a second rate when the row select signal is a second
signal, a third rate when the row select signal is a third signal
and a fourth rate when the row select signal is a fourth
signal.

13. The photodiode array circuit of claim 8, wherein the
plurality of output circuits are organized into columns,
wherein each column of output circuits is coupled to output
the output signals of the column of output circuits to the pair
of bitlines, wherein the control circuit is coupled to provide
the row select signal such that output signals from multiple
output circuits in one column of output circuits are summed
on one of the bitlines in the pair of bitlines for the one
column of output circuits.

14. A photodiode array circuit comprising:

a plurality of photodiode circuits, each of the plurality of
photodiode circuits coupled to selectively collect out-
put charges from at least one photodiode at a sense
node of the photodiode circuit;

a plurality of output circuits each coupled to two of the
plurality of photodiode circuits, wherein the plurality of
output circuits are coupled to receive the output charges
from the two of the plurality of photodiode circuits,
wherein the plurality of output circuits are coupled to
output an output signal; and

binning circuitry coupled to electrically connect the sense
nodes of the plurality of photodiode circuits into groups
of photodiode circuit sense nodes in response to a
binning control signal, wherein the number of photo-
diode circuit sense nodes included in the group of
photodiode circuit sense nodes is any of one, two, four,
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or six photodiode circuits in response to the binning
control signal, wherein a different portion of the bin-
ning control signal is transmitted on each of four
binning control lines, wherein the binning circuitry
includes a plurality of binning connecting circuits,
wherein each of the plurality of binning connecting
circuits connects two of the plurality of photodiode
circuits that are proximate to each other in a first
direction, wherein each of the binning connecting cir-
cuits is coupled to only one of the four binning control
lines.
15. The photodiode array circuit of claim 14, wherein the
plurality of photodiode circuits are arranged in a grid,
wherein the two of the plurality of photodiode circuits
coupled to each of the plurality of output circuits are
proximate to each other in a second direction, and

wherein the binning circuitry electrically connects the
plurality of photodiode circuit sense nodes into groups
in the first direction perpendicular to the second direc-
tion.

16. The photodiode array circuit of claim 15, wherein a
first of the plurality of photodiode circuits is coupled to a
same one of the plurality of output circuits as a second of the
plurality of photodiode circuits that is proximate to the first
of the plurality of photodiode circuits in the second direc-
tion, and wherein a third of the plurality of photodiode
circuits, that is proximate to the first of the plurality of
photodiode circuits in the first direction, is coupled to a same
one of the plurality of output circuits as a fourth of the
plurality of photodiode circuits that is proximate to the third
of' the plurality of photodiode circuits in a direction opposite
the second direction.

17. The photodiode array circuit of claim 16, wherein
every other one of the plurality of photodiode circuits in the
first direction collects a charge from a first color of photo-
diode and every other one of the plurality of photodiode
circuits in the second direction collects the charge from the
first color of photodiode.

18. The photodiode array circuit of claim 17, wherein a
first portion of the transfer control signal is transmitted on at
least one first transfer line and a second portion of the
transfer control signal is transmitted on at least one second
transfer line, wherein the first of the plurality of photodiode
circuits is electrically connected to the at least one first
transfer line and the third of the plurality of photodiode
circuits is electrically connected to the at least one second
transfer line.

19. The photodiode array circuit of claim 14, wherein the
each of the plurality of photodiode circuits is coupled to
selectively sum output charges from four photodiodes.

20. The photodiode array circuit of claim 14, wherein the
plurality of output circuits are each coupled to two bitlines,
wherein the plurality of output circuits are coupled to output
an output signal to one of the two bitlines in response to an
row select signal, and wherein a different portion of the row
select signal is transmitted on each of four select lines.

21. The photodiode array circuit of claim 14, wherein the
binning circuitry includes a reset switch coupled to reset the
output charges at the sense node in response to a reset signal.

22. The photodiode array circuit of claim 14, wherein the
plurality of output circuits are organized into columns,
wherein each column of output circuits is coupled to output
the output signals of the column of output circuits to the pair
of bitlines.



